INTRODUCTION
Space optics being part of a laser system require stringent product assurance tests for space qualification. To develop a breadboard unit, which has to be subjected to tests under the corresponding operative conditions (surface contamination under long term operation in closed compartment, temperature cycling, (partial) vacuum etc.), initial damage values of all utilized optical components have to be taken into account for system layout. Especially the relevant damage thresholds have to be known, such that the optics can be operated at de-rated levels. In the past, de-rating factors of 25% have been proven to be useful [5] .
LASER SOURCES
Damage testing requires highly stable laser sources and the ability to monitor each laser pulse accurately. The laser sources, which are part of the test bench, were extensively characterized and are described below. The pulse to pulse energy stability is as stated in Tab. 1b and 2b, respectively. A long term drift of the pulse energy is actively compensated for both lasers.
Ti:Sapphire laser system
The pulse generation of the Ti:Sapphire laser (Clark CPA 1000) is based on the chirped pulse amplification (CPA) principle. A schematic drawing of the laser is shown in Fig. 1 . A frequency doubled fiber ring laser (SErF), operating at a wavelength of 1550 nm, is used as the seed laser source providing sub-ps pulses at 775 nm wavelength. After passing the stretcher, the seed laser is fed into a Ti:Sapphire regenerative amplifier. A /2 wave plate-polarizer combination is used as a variable attenuator. By tuning of the compressor, the FWHM pulse duration can be set to values ranging between 150 fs and 5.5 ps. Blocking of the seed laser results in the emission of 10 ns pulses from the regenerative amplifier. Pulse energies of up to 600 μJ can be attained with smooth Gaussian far field beam profile (Fig.2) . The laser pulse duration is inferred from autocorrelation traces. A (sech) 2 pulse shape is assumed for the determination of the pulse widths t p . repetition rate +/-0.05 % pulse to pulse energy stability +/-6.25 % pulse to pulse spatial profile stability +/-1.3 % pulse to pulse temporal profile stability +/-14.6 % Tab. 1b Ti:Sapphire laser pulse to pulse error budget. repetition rate +/-0.001 % pulse to pulse energy stability +/-1.3 % pulse to pulse spatial profile stability +/-3.3 % pulse to pulse temporal profile stability +/-5 % pulse to pulse pointing stability +/-10 μrad Tab. 2b Nd:YAG laser pulse to pulse error budget (data are valid for pulses of 300 mJ, t p = 4 ns and 100 Hz operation).
DAMAGE SETUP
The typical multipulse laser damage setup is shown schematically in Fig. 3 and as a photograph in Fig.  4 . From the main beam delivered by the laser source, two reference beams are split off to monitor energy and near field beam profile (camera 2). A lens of selected focal length (e.g. 0.5 m) focuses the radiation onto the sample front surface. An identical lens is used to monitor the far field distribution (camera 1). The distance between the focusing lens and the CCD camera chip is adjusted for optimum roundness of the far field distribution. The camera based beam profile measurements have to be confirmed before the experiment with a knife-edge beam scan in the sample front surface plane. The distance between the focusing lens and the sample front surface must be adjusted accordingly. An intensity stabilized, chopped HeNe laser is tuned exactly to the position of the sample surface onto which the damaging laser pulses are focused. The modulation of the HeNe laser allows for an improved signal to noise ratio by implementing lock-in techniques. An opaque aperture centered on a second lens, blocks the HeNe laser beam which is specularly reflected off the sample front surface. Hence, only scattered light reaches the diode. All data (position, accumulated energy, beam profile, scatter light, number of pulses) are stored using a PC for later retrieval and analysis. The resolution of the used data acquisition hardware is within the limits required from ISO 11254 (pulse energy measurement uncertainty < 5 %, temporal resolution < 0.1 * t p , spatial resolution < +/-1.5 % of beam diameter). A flowbox, mounted above the laser damage setup, provides a laminar flow of filtered air of high quality (max. 10 particulates / cubic foot). Prior to damage testing, the optica in magnification of at least 100X. This evaluation identifies any preexisting flaws in the optical surface that would otherwise be included in the posttest damage assessment. The pretest optical evaluation also provides a means of assessing the cleanliness of the optical surface prior to testing. If the optic requires further cleaning, a drag-wipe cleaning procedure is used. With this procedure, the optical surface is cleaned with a lint-free cloth and spectroscopic grade methanol and/or acetone. At all times during the test procedure, the optics are handled by the edges wearing finger cots to prev is evaluation identifies any preexisting flaws in the optical surface that would otherwise be included in the posttest damage assessment. The pretest optical evaluation also provides a means of assessing the cleanliness of the optical surface prior to testing. If the optic requires further cleaning, a drag-wipe cleaning procedure is used. With this procedure, the optical surface is cleaned with a lint-free cloth and spectroscopic grade methanol and/or acetone. At all times during the test procedure, the optics are handled by the edges wearing finger cots to prev accidental contact to the optical surface. The samples are inspected and irradiated in a class 10 cleanroom environment. In general, these handling and storage measures ensure that the test specimens have not been influenced by the laboratory environment so that an unbiased estimate of the laser induced damage threshold (LIDT) is obtained.
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The samples will b The samples will b p p be performed over an extended period of time (several hours) at the given laser repetition rates (c.f. Tab.1, 2) by focusing the laser beam with a suitable lens. The irradiation centers on the sample are usually equally spaced in an array with a periodicity of 1 mm. In general, the grid spacing is selected such that debris emission from one site will not interfere with adjacent sites (ISO 11254 recommends a spacing of 3 X beam radius). The sample surface has to be adjusted parallel to the movement of the x-y translation stage. The samples can be exposed to a permanent dry nitrogen flush. The occurrence of damage is monitored online with scatter probe techniques (c.f. section 3), which allows for an immediate interruption of the irradiating pulse sequence. The scatter probe technique usually discriminates front and back surface damage. After irradiation, the occurrence of damage is always verified by subsequent inspection with a Nomarski differential interference contrast (DIC) microscope.
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this section, the results of single shot and .1 Damage probability plot irradiation is a file of data points, containing the fluence values and the number of pulses at which damage has occurred. The data have to be processed according to the ISO standard 11254 leading to probability damage curves and characteristic damage curves. Examples are detailed in the following section 6.
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In multiple pulse damage tests are explained using the results of recent investigations [6, 7] .
typical damage probability plot, derived from AR
A coated beat-barium borate (BBO) is depicted in Fig.  5 for a pulse number N = 200, applied to 121 different sites at a pulse duration of 1 ps. The plot shows the probability of damage as a function of applied fluence. The intersection of a linear fit through the data points with the abscissa defines the LIDT value which is 1.58 J/cm 2 . The length of the shown error bars is inversely proportional to the statistical significance in the corresponding fluence interval. Only front surface damage is taken into account for this evaluation. 
.2 Characteristic damage curves 6
he characteristic damage curve has to be extracted T from several probability plots. Fig. 6 shows the result of measurements of an HR mirror coated for a wavelength of 775 nm. Displayed are the 0 %, 10 %, 50 %, and 90 % curves attained form probability plots at different pulse numbers per site. The pulse number N in the plot ranges from N = 2 to 10 000. It is evident that the LIDT value is decreasing with increasing number of pulses per site. The dependence of the LIDT on N is due to incubation effects, i.e., the generation of defect centers. These defect centers induce local absorption with a subsequent rise in temperature or stress. The 
here F 1 and F are the damage fluences for pulse ing this formula to the results shown in Fig.6 ).
ne using a light icroscope having Nomarski-type DIC setup with a F substrate, coating HR @ 780 nm, HT @ 532 nm, t p = 150 fs.
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B curves of optical components, an extrapolation to higher number of pulses can be performed using the formula (1) [2]:
F w numbers N = 1 and N = Infinity and is a fit parameter. When apply Fig. 6 , a safe operation zone can be denoted for the tested optical component. This safe operation zone is visualized in Fig. 7 as the grey area under the fitted curve. In the limit of an infinite number of pulses (called the endurance limit), the damage fluence is found in case of the example of HR coated fused silica: F = 0.12 J/cm 2 whereas the single pulse threshold is F 1 = 0.6 J/cm 2 . 100X -150X (c.f. Fig. 8) . Damage is then defined as any permanent surface modification being visualized with the mentioned equipment. 50 μm Heigth [nm] of front surface damage of AR Fig. 9 Topography coated BK7 glass sample.
A whit scope (ATOS icromap 512) is utilized for the inspection of e laser damage st facilities at DLR Stuttgart are comprehensively 500 e light interference micro M larger surface areas. Both instruments are very useful for the analysis of laser damage processes.
SUMMARY AND OUTLOOK
In this paper the capabilities of th te summarized. The test bench is suited for measuring multiple pulse damage thresholds for an in principle unlimited number of pulses as the system has a stabilized energy output and is fully automated.
Various optical components can be tested like beam turning mirrors, reflectors and windows, nonlinear optical components, semiconductors, and laser crystals. Characteristic damage curves are evaluated according to ISO 11254 2.0 Scaling of the characteristic damage curve to very high pulse numbers delivers useful product assurance data.
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Hence, the system can provide initial damage threshold data for the layout of satellite-based pulsed laser systems. Future improvements will be concentrating on achieving ISO certification. Furthermore,
